Development of new treatments against
Introduction
Infection with Mycobacterium ulcerans causes indolent, necrotizing ulcers of the skin in man, and clusters near rivers and swamps of tropical or subtropical regions. Even though these ulcers were first described in Uganda in 1897, the causative agent was isolated in Australia in 1948. 1 Thus, the infection is called 'Bairnsdale ulcer' after the main town in the original endemic region in southern Australia, and 'Buruli ulcer' after a region in Uganda associated with a large number of cases during the late 1960s and early 1970s. The lesions often start as small subcutaneous nodules, which gradually enlarge over days to weeks and lead to painless and chronic ulcers with characteristic undermined edges. Even after more than 50 years, the incidence of infection with M. ulcerans seems to be increasing sharply; in the past decade, incidence of this disease has increased dramatically, with cases now reported in most of sub-Saharan Africa, Mexico, Surinam, Peru, Bolivia, French Guiana, India, sporadically throughout southern Asia and in Papua New Guinea. Therefore, the World Health Organization has recently declared Buruli ulcer as an emerging public health problem.
Despite promising results in vitro and in laboratory animals, the treatment of these ulcers has been disappointing. Surgery is widely regarded as the definitive treatment, removing necrotic tissue. Early pre-ulcerative lesions can be treated effectively with rifampicin alone or by heating at 40ЊC. 2 However, rifampicin is not usually effective against advanced ulcerative lesions.
Pattyn & Ermengem
3 had earlier demonstrated the sensitivity of M. ulcerans to dapsone. Our previous work revealed that inhibitors of folate biosynthesis had bactericidal activity against Mycobacterium leprae and also exhibited synergy when combined with dapsone. 4 Thus, the objective of the current study was to evaluate the effects of these dihydrofolate reductase inhibitors, when used singly as well as in combination with dapsone, on in vitro growth of M. ulcerans.
Materials and methods

Organisms
Two type strains of M. ulcerans were used: ATCC 19423 and ATCC 35840. In addition, six other M. ulcerans strains isolated from six countries were also included in this study. Isolates and strains were maintained on LowensteinJensen medium. Whenever needed, colonies from Lowenstein-Jensen medium were subcultured in Middlebrook 7H9 broth containing OADC enrichment. The procedures described by Heifets and co-workers 5 were followed to determine minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC), and also to assess the combined inhibitory effects. For each sample, control as well as with drug, triplicate assays were performed in each case, and statistical significance was determined by Student's t-test.
Antimicrobial agents
Results
The effects of four dihydrofolate reductase inhibitors, along with dapsone, incorporated singly into 7H12 medium, against M. ulcerans are presented in Table I . The effect of an individual drug was evaluated by determining the inhibition in growth of M. ulcerans caused by that drug as compared with the growth of M. ulcerans in control cultures without any drug. The results presented in Table I are highly significant, with P values р0.05. Among the dihydrofolate reductase inhibitors, epiroprim was the most potent in killing M. ulcerans. The MIC for both the type strains was 0.5 mg/L; among the clinical isolates, the MIC for four strains was 0.5 mg/L whereas the growth of the other two isolates was inhibited at a concentration of When each of the four dihydrofolate reductase inhibitors was combined with dapsone, with each drug at a concentration that was lower than its MIC, very interesting results were obtained and they are presented in Table II . Again, epiroprim was proved to be the most potent drug, exhibiting strong synergy when combined with dapsone. In six out of eight strains, the FIC was 0.5 or below, while in two strains it was 0.75. The combination of K-130 and dapsone exhibited synergy against only two strains, while the effects were additive for the remaining six strains. On the other hand, only additive effects were observed for all eight strains with the combination of brodimoprim and dapsone. Since trimethoprim was ineffective in inhibiting the growth of M. ulcerans, its effects in combination with dapsone were not evaluated.
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Discussion
Inhibitors of folate biosynthesis are used routinely in the treatment of infectious diseases. Sulphones, such as dapsone, inhibit 7,8-dihydropteroate synthase, whereas 2,4-diamino-5-benzylpyrimidines, such as trimethoprim, selectively inhibit 7,8-dihydrofolate reductase. However, the activity of these benzylpyrimidines is restricted to Gramnegative bacteria. 6 The data presented here clearly show that both dihydrofolate reductase inhibitors and dapsone inhibit the in vitro growth of M. ulcerans, and epiroprim is more potent than the others. The data also indicate a strong synergic activity between epiroprim and dapsone against M. ulcerans. It is interesting to observe that trimethoprim alone is not effective against M. ulcerans, though it is widely used against Gram-negative organisms, either singly or in combination with sulphamethoxazole.
We have previously shown excellent synergy between brodimoprim and dapsone against M. leprae, both in vitro and in mice. 7 Similar findings were also reported recently with the combinations of K-130 and dapsone 8 and of epiroprim and dapsone 4 against M. leprae. Thus, it seems appropriate to evaluate further the effects of combining epiroprim and dapsone against M. ulcerans infection in mice, and we are in the process of undertaking these studies.
The non-AIDS-associated infections caused by nontuberculous mycobacteria are increasing. 9 Among these, infection caused by M. ulcerans poses the greatest public health threat. This infection is rapidly becoming the third most prevalent mycobacterial disease after tuberculosis and leprosy. 10 At some stage of the disease, most of the patients with M. ulcerans infection carry massive bacterial loads and this creates an ideal situation for the selection of drug-resistant mutants. In such a situation, as in any other mycobacterial infection, combined therapy may be advantageous. Thus, the combination of epiroprim and dapsone, along with rifampicin, could have great potential in the clinical treatment of advanced ulcers. 
